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ABSTRACT 



A microstructure suitable for use as a surgical instrument 
The microstructure includes a silicon substrate having body 
and horn portions* The horn poition may include a blade 
with a forward edge. A piezoelectric actnator may be 
mecham'cally coupled to the body portion. 

3 Claims, 23 Drawing Sheets 
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MODE 1 
Frequency = 2059.8 
Air wavelength = 16cm 



FIG.-8A 




MODE 2 

Frequency » 4876 
Air wavelength = 6.77cm 



FIG..8B 




MODE 3 
Frequency = 12562 
Air wavelength = 2.63cm 
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MODE 4 

Frequency = 14881 
Air wavelength s 2.2 1 cm , , ^, , , 
Measured mode frequency > 14.9kHz 
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MODE 5 
Frequency = 17935 
Air wavelength - 1 .84cm , ^ „ ^ 
Measured mode frequency > 19.0kHz 
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MODE 6 
Frequency = 30607 
Air wavelengths 1.08cm 
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MODE 7 

Frequency = 34549 
Air wavelength = 0.95cm 



FIG.-8G 




MODES 

Frequency = 36367 
Air wavelength = 0.91 cm 
Measured mode frequency > 37.1kHz 
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MODE 9 

Frequency = 41311 
Air wavelength = O.acm 
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MODE 10 
Frequency = 51261 
Air wavelength = 0.64cm 
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MODE 11 
Frequency = 55360 
Air wavelength = 0.596cm 



FIGL8K 




M3DE 12 

Requency = 65567 
Air wavelength = 0.5cm 
Measured mode frequency > 65.4kHz 



FIG..8L 
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MICROFABRICATED STRUCTURE TO BE 
USED IN SURGERY 

CROSS REFERENCES TO RELATED 
APPUCAnONS 

This application is a continuation-in-pait of applicatioQ 
Ser. No. 08/306,g43 filed Sep. 14, 1994, now U.S. Pat No. 
5,569,968; which is a continuation of abandoned application 
Ser. No. 08/072^94 filed on Jun. 4, 1993 (now abandoned). 

STATEMENT OF RIGHTS 

This invention was made with Qovcrnmcnt support under 
a National Science Foundation Grant awarded to the Ber- 
keley Sensor andActuator Center (BSAC). The Government 
has certain rights to this invention. 

BACKGROUND OF THE INVENTION 

In the field of surgical tools, there is a constant need for 
small high-strength devices for microsurgical applications. 
Miniaturized surgical tools are particularly useful in avoid- 
ing surgery where large incisions would otherwise be needed 
to remove tumors, e.g. in brain surgery. Yet another need is 
for high-precision microsurgical devices with high cutting 
power. Cutting power can be increased by makiDg higher 
frequency excursions. 

Current microsurgical tools are so expensive that they 
must be recycled. It would be desirable to have less txptLr 
sive and disposable microsurgical tools. This would avoid 
the dangers of tool deterioration and failed sterilizatiOD that 

An additional problem with current microsuxgical devices 
is cavitation. Cavitation is the formation of air bubbles when 
a solid object moves through a liquid. It is desirable to avoid 
the creation of air bubbles in the patient's body during an 
operation. Current microsurgical devices are likely to pro- 
duce cavitation because they have a blade area which 
undergoes large motion at low velocity. 

Another problem with miaosurgical took used previ- 
ously is that they require a very high-voltage power supply 
For example, previous microcuttcrs may require about 1200 
volts to operate. Such tools need cumbersome power cords 
and present the danger of high voltage discharge. 

In the field of acoustic sources and receivers^ current 
acoustic devices such as microphones are geometrically 
synmietric with little internal structure. They consist of 
rectangular or circular plates whose motions are detected 
capacitively, piezoelectrically, or piezoresistively. In its 
operating frequency range, mechanical response of such a 
device is a relatively smooth function of frequency. For 
more complex transfer functions, electronic filters must be 
used. 

Micromachining, on the other hand, allows the fabrication 
of reproducible microstructurcs that have complex mechani- 
cal transfer functions. Complicating the mechanical designs 
simplifies the electronics which, in turn, can reduce required 
pewof aad iaefeflfie fiigaal*(&>BOi0e fAtis. Tools sueh as 

finite-element methods may be used to predict and tailor the 
response of a given device. 

An object of the present invention is to provide a miao- 
machincd structure that may be used as a microcutter, 
microscrapcr or microhammer. 

Another object of the present invention is to provide a 
microsurgical device suitable for surgical applications and 
having low power operation and which can be produced in 
batches at low cost. 
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Yet another object of the present invention is to provide a 
microcutter having a blade which makes small excursions at 
high frequency. 

A fiirther object of the present invention is to provide a 
2 microsurgical device which avoids cavitation. 

Additional objects and advantages of the invention wiU be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instnimen- 
talities and combinations particularly pointed out in the 
claims, 

SUMMARY OF THE INVENTION 

Hie present invention is directed to a structure suitable for 
use as a microsurgical implement and formed from a semi- 
conductor substrate. The structure has a body and a horn 
projecting from the body. The horn has a blade poftion 

20 which is free to vibrate and ends in a forward edge which is 
significantly thinna than Che body. 

The method of the present invention includes providing a 
semiconductor substrate and removing a significant thick- 
ness of mat^al from the substrate to form a horn and a body 

25 in the substrate. The horn projects faward from the body 
and has a Wade which is free to vibrate. The blade has a 
forward edge which is significantly thinner than the body. 
The blade may be covered with a hardened layer, fox 
example, a diamond coating. The substrate may be silicon, 

30 and it may be covered with a silicon nitride membrane. 
The structure inay be attached as a p^dlc 9t the tip of an 
dsdiiaic^. lie gt^tichitc tfikt pttmi bvefltidfi kd^ik 

a piezoelectric actuator mechanicallv coupled to the body of 
the substrate. The piezoeledzic actuator nuiy be fabricated 

32 by thin film deposition onto the substrate, or it may be 
formed separately and bonded to the substrate. 

Material may be removed from the substrate to form the 
horn by anisotropic backside etching, by liquid etching, or 
by making a series of cuts with a saw. 

^ At high frequencies, the device can be used as a 
microcutter, microchisel or microhammer. The bom focuses 
mechanical energy from the body into the forward edge. 
This semiconductor structure can achieve higher velocities 
than pricv metal structures. This may be important in the 
biological and medical industries for investigating; and 
manipulating tissue, and holds the promise of better control 
and higher power in miaocutting than other technologies 
such as laser cutting and ablation. 

50 BRIEF DESCRIFnON OF THE DRAWINGS 

The accompanying drawings, which arc incorporated in 
and constitute a part of the specification, schematically 
illustrate prcfcaed embodiments of the present invention, 
and together with the general description given above and 
the detailed description of these embodiments given t)clow, 
serve to explain the principles of the invention. 

FIG. lA is a schematic r^cseatatioa of ao acoustic 

source and receiver in accordance with the principles of the 
^ present invention. 

FIG. IB is a view along line IB — IB in FIG. lA. 
FIGS. 2A-ZI are process flow diagrams illustrating a 
process for fabricating an acoustic source and receiver of the 
present invention. 
65 FIGS. 3A-3D schematically represent various micro- 
structures that may be fabricated using the process illus- 
trated by FIGS. 2A-2L 
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FIG 4 eraphicaUy represents the sound pressure level of FIG. 26 is a schemaUc side view illustrating the process 

a SstS of die present invention. of fonning a hom of the present invenaon by cutting with a 

FIGS SA and 5B axe grmhic representations of a micro- saw- , . ... 

nhSe and speaker res^, respectively, for the notch FIO. 27 is a sAeraatic perspective vww illustrating the 
£^aurr«fn0.3A. 5 process of forming, horn by cutting wrth a saw. 

no 6 is a graphical representation of displacement for HGS. 28A-28D are schematic diayams ^^S ^" 

die^oich strSofHO SA. vadous horn shapes that may be formed by cutting with a 

no. 7 is a Sr.phic^"^»tl» '"'P*'"^' "no. 29 is a schematic diagram iUustrating the process of 
oftheeantaev^microstru^^erfmm „ f^^^^g « hom of the pes^otkvention by using a liquid 

FIGS 8A-8L arc graphical representations or tne & *" 

ABAQUS d«rivedelgenmo<^ shaj^s a^^ ^ ^ ^„ forn««l by Uquld 

^G. 9 is a scheaftiadc repfesetitafiOfi Cf a efOlit fCf afi 

acoustic receiver functioning as a miaophone. * & 

FIG. 10 is a schematic rqircscntation of a circuit for an DESCRimON OF THE PREFERRED 

acoustic source ftincaoning aa a speaker. EMBODIMENTS 

FIG. IIA schematicaUy illustrates a microstiucture of the pccs&ai invention relates to a microfateicatcd acous- 

present invention used as a surgical cutter. source and receiver. This microsfcructuic may function. 

FIG. IIB illustrates the cUiptical motion of the micro- ^ example, as a microphone or speaker at audible 

structure of FIG. IIA. frequencies, and as a miarocuttcr at ultrasonic frequencies. 

FIG. lie is a schematic illustration of an alternative ^he shape of the microstiucture may be selected to 

cutting edge of the cutter of HG. IIA. produce a particular acoustic response. As shown in FIGS. 

FIG 12 is a schematic side view of a substrate constructed ia and IB, an acousUc source and receiver 10 of the present 
in accordance with the present invention, 25 invention may con^ffise interdigluied, transducer fingers U 

FIG 13 is a schematic view of an osdUator using the and 14. The fingers can be used to input mechanical enerR^ 

HG. 14A is a schemaUc side view ^ ^^^"^ Te^groundplane^may form the transducer fingers. By 

constructed in accordance with the present invenuon. ofexLple,tiie duminum planes may each be about 0 J 

HG. 14B is a schematic frontal view along line 14A-14B jnicrons&mi) thick, and the ZnO film 2 miaons thick, 

of FIG. 14A. Other transducer patterns and transduction mechanisms, 

HG. 14C is a schematic plan view along line 14C-14C of ^^^^ ^ piezoelectric, may be used. For example, the 

HG. 14A. transduction mechanism may comprise a thermal stress, 

HG. ISA is a schematic perspective view of the an 35 clcctrostriction, magnetostriction, or optical drive system, 

unassembled raicxx>cuttcr. Fingers 12 and 14 may function as sense or generating 

FIG 15B is a schematic perspective view of two micro- transducers. As wiU be described below in reference to 

sm^rtwea bonded together to form ft mlcrocutter in accor- pjg^^ tt, tf llrfPrj»StniPmf<s JO 

daaee with iKe pf Sieal IflVlfittSa; acoustic fecelvcr, far example a miCTSghoae, Hfifcrs 12 afid 

FIG 16 is a schematic perspective view of a surgical tool 14 may both act as sense transducers. Tliat is, no dnve 

FIG. 16 IS a ; ^ ry . i3 a pUcd to the fingers, and stresses nopaitcd 

m. 17 is a sehemae ^f^^^^^^ an electrical signal If, on the other hand, microstructure 10 

a surgical tool of the present Invenuon. ?^nctions as an output device or acoustic source, for example 

FIGS. 18A-18E are process flow diagrams iUustratmg a 43 ^ a drive voltage Vpp may be appUed to transducers 

process for fabricating a pieioclcctric actuator according to ^^1^^ 14, Alternatively, one transducer, for exair^jle trans- 

thc present invention. ^^^^ ^ niay function as a sense electrode to provide 

FIG. 19 is a schematic plan diagram illustrating the step feedback control, while the other transducer acts as a gen- 

of cutting a silicon wafer to form a microstnicture having a erating transducer to which the drive voltage is appUed. 

hom with a constant width. ^ transducer fingers may be formed on a thin silicon 

FIG. 20 is a sectional view along line 20—20 of FIG. 19 p^^^^ section 16 of a substrate 13 that abo includes a frame 

after the sUicon wafer has been cut. qj. bafQe section 17. The plate 16 naay be between about 40 

no. 21 is a schematic plan diagram illustrating the shape too microDs thick, and more preferably between about 

of the window area at the step of cutting the silicon wafer in 50 and 70 miaons tiiick. 

a microstiucture having a horn with a tapered width. ^ si^eon nitride membrane or layer 15 may be formed 

no 22 is a schematic perspective view of the backside between the fingers and plate 16. Layer 15 may be between 

of a siUcon wafer at the step of removing the siUcon nitride about one and four microns thick, and more preferably about 

layer to f^m a substrate having a horn with a tapered width. 2 microns thick. Memteane 15 may also be formed of other 
HGS 23A-23C illustrate various hom shapes tiiat may ^ materials such as polysilicon silicon dioxide or v^uious 

be^medly back side etching. polymers, and may compnse of sandwich matenals of tiun 

FIG 24 is a schematic plan view of the step of severing layers of many such inatmals. 

a raiaostnicture from the sihooq wafer by cutting witn ^^^^^^ Qther materials may be used for plate 

saw. 
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16 and frame 17. For example, quartz may be used to give The window section 18 of notch structure 32, as shown in 

(he inicTosiructuie diffaenc aastic properties. FIO. 3A, fomis a simple notch in silicon plate 16 spanning 

The miaostnjcturc 10 also includes a window section 18. two sections of the plate. The window section 18 of micro- 
Section 18 may be a siUcon nitride film that is about 2 stndure 34 (Ha 3B) fonns a cantilcvcred anangeinart 
microns thick Tie window section may be fonncd, as wai i wherdntransducen U andMarcsuroottrfatonccndW 
bediscussed. by removing mnterial from preselected regions "l^^^c to plate 16. Ktcrostnictures 36 and 38 (HGS^ 
of plate section 16. As be described, the location and and 3D) show beams of diff^ntlen^s'T and widths "w". 
pattern of the window section or sections can be selected to For example, the lengths "1" of Ae teams may range from 
uOar the frequency response of the microstructutc As such, about I to 4 mm and the widths "w from about 1 to 2 mm. 
a desired frequency response may be designed for wiftout 'O The following diaracteristics of the microstruchires may 
the use of complex electronics. be measured: sound {s^essure level, acoustic input/ouqwt 

The thin siUcon plate configuration of microstructure 10, response spectrunu and membrane deflection. Using a sound 

widi very small area connecting silicon nitride, is much pressure level meter, the sound intensity of notch device 32 

stronger than targe^a thin membranes. ■mexefore.micTO- (FIG- 3^) was measiired as a ftinction of input volt!^ 

structure 1» can opaate under very rugged conditions. versus distance from the device. A pressure kvel of 85 dB 

^ . . , , ^ ,A ^ _ -.u f • I. was measured about Icentimeterfcm) away from the device 

TTc fabncation of struct,^ Mrr^ysUrtw^ I'i^Wz resonance. TTie c^vice radi^lted sound isoto- 

sJicon wafer 20. As diowa VTfi,7SS picaUy because the wavelength of the flcxural wave is much 

lay^ of low-stress s^iutnde 22 may be &^ deposUed ^^jh^^ie acoustic watdength in air at this frequency, 
on the wafer in an UpO) fiirnace The mtride « p^ 

usuigUthO^aphy "^Pf «^?8«^«'"8^ the pressure produce! a log-like curve which, when plotted 

areas 21 to be removed. As seen m Ha 2B, a smaU square F« i^dicatcs.a linear function of the 

(or squares) 23 IS opened on the top side for sihcon mem- r.J7>wJ, v™, * 

hrane thidiess coiroL The wafers are then etched in a '"P"^ "tave voltage Vpp. ^ 

KOH bath (FIG. 2C). The square is sized so that KOH „ The acoustic output as a function of frequency was also 

etching ceases on the top when a certain height pyramid 26 " measured for notdi structure 32. A mioophone was placed 

ii etched; much Urger squan» 24 etch oa the backside 0.5 cm above tiie eeater of ttie ttevice to oe«ute its oujut 

concurrenUy. When the backside incomplete pyramid 2S when a stmispidal slpial from 4 to 50 kHz at 1 Vpp was 

encounters top pyramid 26. the transmission of Ught is ap^dled to the acoustic source. Smutely, the nucraphone 

observed and the wafer is removed from the etch lath. Hus „ response was testqi by apidymg a cah^^ 

^uT+J-sSctom "»«»™» yjjj ^ ^ measuring the signal 

M ► . ,K«„,- K., tn ..<v,nri t,M^nf I < iiTi, generated. The microphone response was 900 (iV/jibar at 9.4 

Badcsidc lithogmphy is uscito remove this silicon nitride 3, than 40 jiV/Mbar in the range of 6 to 11 kHz. 

where additional siUcon 28 is to be etched (FIG. ap). The The displaocancnt of notch device 32 was also measured 

plate structure and window section 18 (see FIGS. ^lA.and using a laser-amplified feedback intof erometer (see FIG. 

IB) is then defined by removing the siUcon using XOH The resolution of the interferometer system is- 1 nanoineter, 

etching (HG. 2F). Hie siUcon nitride (layer 15), whic£;as weU below the displacements measured. The quaUty factors 

noted, may be about 2 fim, is strong enough to support the of the resonances were found to range from 20 to 30. Since 

sUicon substrate members (plate 16 and baffle 17) and the thin siUcon nitride moves as much as, if not more than, 

survive further processing steps. the sUicon, the siUcon nitride film can be used as a coupUng 

' The next steps (HGS. 2G-D involve making the piezo- agent between different siUcon sections^^^^^ at 

dectrlc transducer flflgers 12 and R A 3000 A thick, resoaana reaches lWara(at3 Vpp).ThedispUc^DDtwafl 

aluminuia lkyer with two percent,siUcon is sputtered on the 45 measured at various locaUo^ 

Sent oi^the device, m guttered then pat- range of 10 Hz to 52 kHz to obtam an esUmate of the mode 

temed iisSSg PR Uthography toformre^ons 29. A2 ^m thick shapes. Tlie final goal, however, is to predict aresponse once 

film 30 of ZnO is then RF magnetron sputtered onthe wafet ^ particular structure is given. 

A second film 31 of aluminum is sputtered over the ZnO and The notch structure 32 is complicated due to the asym- 

iis patterned by PR lithogr^hy to form the electrical ground 50 metry of the nitride window. The speaker response for the 

iplanc. 'Sds aluminum pattern is then used as'afmadc to much simpler cantacvcr-raicrostructurc 34 (FIG. 3B) is 

iemove%e exposed ZnO by etching, aUowijg^^^^cai ,^^own in FIG. 7. A B&K microphone was placed 1 mm 

/contact to the tranfiducers to be mode via alumk'iShrre^dns ^away firom the ccnta of the cantilever to measure the 

29. radiated i^d.-Thc dashed line nrprcsents the response in the 

HGS. 3A-3D show various structures that may be fab- 55 prcswcc bf the siUcon nitride window 18 conning the 

ricatcd using the process of FIGS, 2A-2i. These sti;uctu^es siUcon membrane to the frame. The heavy Une shows the 

mustrated are a notch structure 32, a cantilever structure 34, abow that removing the nitride window shUted the response 

and structures 36 and 38 with beams of different lengths and down by 2 to 4 kHz. Furthermore, the resonances with the 

widths, TheoveraUn:ansversedimensions*rand'*x",of the 60 uitride window are broader than those without it. This 

thin silicon plate 16 of these structures may be about 9 indicates that the nitride window can play a major role in 
miUimetcr (mm) and 10 mm. respectively The thickness; of determining the response of these devices: both as a cou- 

plate 16 is about 60 microns. These various designs were P^S age^it between sUioon members and as a danqmig 

made to study the cflfcci of beams and cantilevers of different sccUon, which dampens the resonance of the structure to 

lengths aDd widths. Transducers 12 and 14 in the shapc'of 65 Provide a broader resonance. 

intcrdigitatcd fingers were used to excite very high- Tp predict the response of a given miaostructure, the 

frequency (100 kHz and above) modes. ^ elasticity theory specialized to layered plates coupled to a 
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modeled in ABAQUS, a finite-clement mechajucal analysis haish environments. 

crogram. A20x20 array of nodes was used with 10x10 shell Hie use of a microstructnre. in this example cantilfivcr 
dOTffints.Thcscshdldcracnisconsistof9aodes,Eachshdl structure 34, as an acouitic receiver, for instaace a 
dwncnt was modeled as a 65 [im tiiidc silicon plate sand- 5 niicrophone, is shown in FIG. 9. the transducers 12 and 14 
wichedl)ctweeD two 1 Mm nitride membranes. Hie results of ^ sense electrodes whose output is applied to 
an eigenmode analysis appear in FIGS. 8A-8L, where the amplifiers 40 and 41, respectively, 
first twelve mode shapes and their respective ft^iucnawaic ^ ^ acoustic source is shown in FIG. 10. The 
shown. Since the B&K microphone was located 1 mm above ^^^^^ example, may ftinction as a speaker or cutter. A 
and near the center of device 34, with its sensitive area (-2 ^^j^^^ ^^^^ 42 connected to an impedance matdier 44 
mm in diameter) much less than die device area, it is ^n amplifier 43. The output of the impedance 
expected that modes that have substantial deflation at the ^^^^^^ voltage Vpp, is appUed to generating trans- 
center wiU contribute more to ^^^^^J^I^^' ducer 14. Transducer U acts as a sense transducer f<tf a 

Modes 4, 5, 8. wd U (highlighted In SIu^ «.^««?ri.; f eedbae k im tadatoi ftffipUflw 41 mi fe§4bM)f 

and m have dlsplieeffieats ftat gffeeavely gfaaeffle ^^^^^j^ ^^p^^^ ^^^^ frequency response 

with respect to the center of the cantilever and produce large amplitude of motion of the miaostructure. 

motion there in at least one of the directions. As e^qjected. Alternatively, as shown by dashed Une 48 in HQ. 10, both 

these are me same modes &at match with fte roeasuica ^^^^^ jf ^j^^ 14 as geneaflng tensducera 

response. ^^icn the miaostructure functions as a source. In this 

The predicted frequencies are in *=™"*f . 20 embodiment, the feedback loop would be eliminated, 
measured response given the resolution handwidUi of the ^Iso possible to connect the microstructnre of the 
measurement was I kHz. An error of about -K-SW "^exists invention in a circuit so it functions both as a source 
in modes 4, 5, 8, and 12. Mode 5 has an enor of about LI PJ^^ ^ ^^^^^ example, it may act as both a 
kHz. Wrong values for mat^ propcxtes (sudi as me ^^^^^ ^^j^ ^ audible frequencies. 
Poisson^s ratio fa silicon) being entered for the model ^5 ^^"^^^^^ the fabrication process allows for the fab- 
might be responsible. *^„.«*„A,. ficatton Of thin transparent film sandwiches that can act as 

IB ad4ltlOB w pretf^tag *e ,^ '^.^ 5Sd5W§ IS (§ee HdT 1A=1B); Whea affi6*aBleal vteFa= 

relative anoplitude at each frequency should be owainea. ac n>ettdinfi) is apiriied to the microstructure, stresses may 

large plate wavelengths, the plate looks like a piston which v ^ ^ iansmittance and index of refracUon of 
pushes against a large area of air and fee s the maximum 30 ^j.- thin fllHL A change in index of refraction and absorption 

rcslslancc.Thlsalsocausestheoutputtobei^otiopicasth^^ properties (elasto^ptic propaties) of the window section 

is no preferred direction. When many wavdengths fit in the ^^^^^ ^ modulate and/or deflect light 

plate, the air resistance is lowered as air ^tspiacedat one niicrostnicture of the present 

^inteasflyi^shestheplateonpointshalf wav^^ ^ iavl^tx^n^o^ inexpensive phase plates in optical 
^ those points displaced in the opposite dircrtionjhis 35 ^^^''^^^e shrinking in size due to requirements of 

lowerstheeffectivepr^sure^^^ ' S^uSS^ofoptical coiK>nents in ^ 

as the wave has a prtfctred angle of Pr°pa8!jo°'^,^S; SflTof such systems 

A microm^chined acousdc somte and h« « J SgS 55, producing an eUiptlcal motion 

described that can produce 85 dB sound pressure level (at 7 , 

kHz and 3 Vpp drive) and 900 -s.^^^^^ Z^Zl "toe. Since fte zeroth orda antisynunet- 

resonantfrequency. These frequenaes J« '^^"l^; ^Lamb mode has a phase velocity less than that of sound 

low ultrasonic ranges. A canfflcver microstmcture in a nc r 

flnite^lement analysis using sheU elootcnts was modeled 50 ^^"^^^^^SeBi A^^ate c^utting edge 

which conlims that the elastic sheU theory can be used to J^j^^ocutter is shown in HG. IIC This edge 

design a response. • i. „ incorporates a beak-like configuration. 

The acoustic source and receiver shows P™™^"= "^^I ^ ^ ^^^.^ ^ present Invention holds the promise of 

ing aids and other appUcaUons where a , eutog biological tissue when treating diseases like cataracts 

source is required. A combination of speate and mao-. 35 "Jf-e^'^^^^^j eration in the United States), 

phoneononechip.integratedmthoth«ele^nics.«nbe f^^'^^^^ SpUdng ceUs andcut- 

used to measure speed usmg the dopplcr effect or can DC 6b can be very useful technologies for the 

used to measure distance. For hearing aid appUcations. the ^S^ndScal industries. 

&«,uency response can be designed -f^Jtc^^^^ ^ ?;™ent Son is directed to the use of a siHcon 

microstrocture. TTius. a hearing aid custom-taUored for an w /fj ^^^^^^^ 

individual may be fabricated. Fuithomore the transd^^^^^ , "veSon^ ti^S^^^ 

system described herein is mainly capaahve and therefore "^^^^^ surgical instrWnts. Most 

consumes very Uttte power. This gives the opportunity to Ues ftan ^ ^^^^.^^ .""^ ^^y_ ^ 

rnaketheelectronicssimplertoreducethepowerbudget^ ^^^^^^^Xoul^l^ ^TproMy 

addition. unUkcothermicromncWnedm:^^^^^^ « '^"^J^^S.ei^ ^ spe'^d of sou^^ 

ofa'S.^ S'^KiS^oXl" .■ n^auria.. ^e speed of sound in titanium alloy Is approxi- 
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mately 42 meters per sccoad, whereas the speed of sound in a cutter to cut into surface 76. For example, surface 76 could 

silicoo is approximately 335 meters per secoad. Therefore, be brain tissue which a surgeon must cut to remove a neural 

a device constructed of silicon should be able to achieve tumor. If forward edge 67 is blunt and moves forward and 

velocities approximately eight times greater than those of back with reference to surface 76» then silicon substrate 60 

titanium or other metallic alloys. An additional benefit cf 5 may act as a microhammcr to emulsify surface 76. For 

silicon devices is that they may be fabricated by thin film example, surface 76 could be a cataract which a surgeon will 

techniques and machine worked, whereas metallic devices emulsify. 

can only Ije machine worked. The present invention involves /^s a microscraper, miorohammer, or microcuttCT, blade 

the use of a silicon substrate to take advantage of these pc»tioa 66 should have a hardened edge. A hardened layer 80 

physical characteristics. lo nuiy cover the entire substrate 60, but it is only necessary for 

A mirco-suigical device in accordance with the present the active portion which contacts surface 76, Le., the blade 

invention may include a silicon substrate used as a needle portion 66. Blade portion 66 may be coated diamone or 

attached to an oscillator. Alternately, a piezoelectric actuator silicon carbide using oonformal vapor deposition to fonn 

may be attached to a silicon substrate to provide mechanical hardened layer 80. Alt^ately, blade portion 66 may be 

energy for microsurgery. implanted or doped with carbon, boron or phosphorous to 

FIG. 12 shows a substrate 60 having a body portion 62 f^nn hardened layer 80. 

and a horn portion 64. It is preferred that substrate 60 be A membrane 85 may be disposed on an outer surface of 

silicon, although substrate 60 may be another non-metalic substrate 60. The presence cr absence of membrane 85 

roatexial with equivalent propeitiefl. Other oystaliine semi- depends on the proasslng steps utilized in the fonnatioQ of 

conductors may be suitable. Body portion 62 and horn ^ the substrate 60. The membrane 85 will usually be a silicon 

portion 64 art prcfcnably the same material. nitride layer apprarimatdy 1-4 microns 0"^) thick. If 

Extending from horn portion 64 is a blade portion 66 membrane 85 is present, then it will be on the top surface of 

having a forward edge 67. Blade portion 66 is free to vibrate, body portion 62 and hom portion 64. 

and will be the primary surface used in cutting, scraping, or „ As noted and as shown in FIGS. 14A, 14B and 14C a 

other microsurgical applications. Body portion 62 may serve microstructure 100 of the present invention may conapiise a 

cither as a means for storing mechanical energy or as an semiconductor substrate 105 and a raechanicaUy coupled 

atuchment spot where mechanical energy may be input piezoelectric actuator 120. Substrate 105 is simUar to sub- 

from aq cxtcxaal device. Xo either case, meclianic^ energy strate 60, but references to substrate 105 indicate that it is 

wUl bti hmd tteough horti £4 to blflde p^ee U aad ^ ptd^i a plezoeledrio actuator to be aHaehei Tho tub» 

forward edge 67. The shape of horn portion 64 determines strate 105 may have a thick body portioii llO and a thinner 

the mechanical-acoustic properties, such as the majdmum horn portion U5. Substrate 105 may mdude a hardened 

velocity and vibrational mode, of blade pcrtioo 66 and layer 80 and a membrane 85» but these items are not shown 

forward edge 67. In the i»esent invention, hom portion 64 in FIGS. 14A-C for ease of iUustration. Horn portion 115 

maximizes the velocity of bladeptMtion 66. Possible shapes may be tapered in a narrowing portion 119 to a blade portion 

for horn portion 64 wiU be discussed in greater detail below. 117, which ends in a forward edge 118. Blade portion 117 

However, hom portion 64 should generally be tapered in should be the potion of substrate 105 which will make 

sh^, narrowing from the thicker body portion to the thin contact with the surface operated on in order to, for example, 

forward edge. Blade portion 66 should be sufficiently thinner perform saq)ing, cutting, or emulsification. Foiward edge 

than body portion 62 so forward edge 67 takes advantage of ^ U8 wiU be sharp if microstructure 100 is to be used f<^. 

the inaeascd velocity available in silicon. microcutting.;pr microsoraping applications, whffeas fojf' 

AS noted and shown in HG. 13, slUcon substrate 60 may ward edge ^US wiU be blunt if microstxurture 100 is to be' 

be used as a needle attached to an oscillator 70. In this f« ntf«phami^ "^l^^^' ""^ 

context, a needle Is a general instrument attached at the end focuses mect^nical ei»^ froin body poruon 105 into 

of an osciUator (not part of a syringe). A needle may serve 43 ^^^^ ^^l^^' ^L"*' 

as a cutter, hamer, or scraper. Oscillator 70. as weU known an active surface while body portion 110 acts as an ultra- 

in the ait may be conqxjsed primarily of a tiuniumaUoy and some energy storage resonator. 

include a piezoelectric donut 71. An extremely high voltage. Mechanically coupled to substrate 105 is a piezoelectric 

for example 1200 volts, Is applied across piezoelectric donut actuator 120. Piezoelectric acniator 120 resonates micro- 

71 to cause it to oscillate. The mechanical energy is trans- 50 structure 100 to produce displacements in blade portion 117 

raitted through metallic horn 72 to substrate 60 which forms far raiaosurgical applications. Hezoelectric actuator 120 

the Bftgdlfi, Bedy pof^oo 62 ©f 8Ub«trale 60 u secured to may be famed by tluD film dcpositioQ processes as part of 

oscillator 70 with a bond 73. Bond 73 may be a glue or it the' same process that creates substrate 105. Alternately, 

may be a nut and boll anangement. In operation, mechanical piezoelectric acmatCK- 120 may be formed separately and 

energy is transmitted through bond 73 and bodjr portion 62, 5^ attached to substrate 105 by a bonding agent 

Because substrate 60 is composed primarily of uUcon, include a channel 125 cut into the bottom surface of body 

forward edge 67 may reach a higher maximum velocity than portion 110. The channel 125 runs from the front to the back 

a ruetallic needle. of miaoscmctore 100. Channel 125 may be about 50-100 

Referring back to FIG. 12, depending on the shape and the 60 fim deep and be formed by anisotropic etching as explained 

vibrational mode of forward edge 67, substrate 60 could be below. 

used for a variety of different purposes. If forward edge 67 As shown most dearly in FIG. 14A, mioostrucmrc 100 

has a sharp edge and moves up and down with reference to has two modes of vibration. Microstructure 100 has longi- 

surface 76, then tfie silicon substrate 60 may act as a tudinal resonant modes in which blade portion 117 vibrates 

microscraper to scrape material off of surface 76. If forward 65 forward and backward, and flcxural resonant modes in 

edge 67 has a sharp edge and moves forward and back with which blade portion 117 vibrates up and down. The modes 

reference to surface 76, then silicon substrate 60 may act as of vibration may be determiDcd by the shape of hom 105 and 
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Ae6e«ueB®ef theappUedveltai&iaftffioteefvitetiett 130 1§ leUffly mM to a mH MS= Umm saews 

has iuowii resoniit frequency. In the preferred 146 and 147, located at a vibrational vdoaty node of 

embodiment, the length and thickness of miaostiucture 100 microcatter 130, hdd miooeutter 130 in casing MS- Othw 

are selected such that the ftindameatal longitudinal reso- fonns of mounting such as SF*"^" ^taeim^t fOso be 
S^tSflexurairesonanceofmiaostiueturelWhavethe $ used. Casing 145 may be connected to a pip ISO wilh » 

same resonant frequency. Tliis increases die total energy locking connector ISi 

stored in the resonator and maximizes the motion of forward in piG. 17, the electrodes of the piezcelcctric actuators of 

edge 118. A typical resonant frequency is about 100 kilo- microstructures lOOa and lOOA are connected to a power 

h«tz (kHz). Making one resonant frequency an integer supply 155. Electrical leads 157 and 158, are connected 
multiple of the other frequency will serve the same purpose, lo inade casing 145 to contact pads 160 and 161 (shown in 

albeit less efficiently. FIG. 19) of actuator 120. Power SD?>ply IS* includes a 

In oncembodimcnt.bodypoitionllOis between about20 voltage source 165 and an amplifier 167. Power 

and40mimmeters(mm)tonrnioreprefen*ly25mmlong. may be located mside gdp if * « '^^''l^^^ 

If sybsttatt! 101 li 19 be Bi64 a§ § aecdte fittftii«i t© as searee: Fewer supply 1S8 mf Iwve a eoswtta^te fte- 

osS« boj poriiorilO may be 5() mm lon& Body i' quency and voltage so that the frequency and ampjmde of 

Su Ut^y^ appro Jy 1 to 2 mm wide. Nar- vibration of the forward edges of the microcutter 130 may be 

rowing section 119 has a flat upper surface, a sl<H)ed bottom controUed. 

siBface, and flat sides. Nanowlng portloa 119 may be Surgical tool ISO may include a pmp 170. Pomp 170 is 

approoumately 200 to 300 |un long. Blade portion U7 is connected to the back end of conduit 134 by tubing 172. 
rectangular in shape, has the same width as body portion 20 Pump 170 may be located eitticr inside grip ISO or eicter- 

110 and has a length of approximately 1 to 3 rata However. nally. Pump 170 aUows for the removal of deteis generated 

as will be explained below, horn portion 115 and blade during an operation by providing suction through tubmg 172 

portion 117 may have other shapes. so that debris is sucked in tturough conduit 134. Sragiol tool 

Forward edge U8 and blade portion 117 should be "0 may also be provided wto a nee^e 175 Ne^^^^^ 
slSSyALerthanthebody^nllO,sothatbody « may be inserted into condmt 134 in order to dislodge stuck 

portion 110 acts as a resonator that stores energy while Made debris. , . ^ j 

wrUoB U7 Wbiates te eut or emolilfy fte tarpt F« Mieresttufflire 100 my be imtsi by ihe pfaeesj prevt 

ffltample, the thickness of blade portion 117 should be 20* ously described for constructing an acoustic source or 

of die thickness of body portion MO, and more preferabfer receiver. In particular, hom portion 115 Indntog Wade 

only about 3%. On the otha hand, blade portion 117 cannot potioa U7 and nartowing portion p nay be fmnuA by 

be too thin- otherwise It, would lack die necessary structural utilizing the steps shown in FIGS. 2A through In 

strenedi to be a surgical tool Body portion 110 may be 500 particular, die step of etdiing wafer 20, shown m RO. 2C, 

to 6(XI um thick, wWle blade portion 110 is 50 to 100 |im wiU create a thin preselected area 24 in the w^et As shown 

rtiict in FIO. ISA. (his diin area of wafer 20 will become blade 
As!howninnG.14A.bladeporti«illSprv>jectsfotward " portion 117, and the unetched part of wafwMwiU become 

fromdi fl^ntend of body portfolio, and tt^ bodyportion UO. By etching only the bacfaide of wrfer 20^ 

J^MySoDlSind horn portion US forti a single the top surface of horn portion IIS and the top surface of 

olaSfiK^Mblttate 105 inctate a membrane 85, then body portion 110 form a single planar area. Other metiiods 
&2J^MSTdi~»ed over the planar area. TOs ^ to form l>om portion 115 will be described below. However. 

isnofneoessarilyplefeired. structure IM by thin film deposition. 

Piezoelectric actuator 120 may be disposed onto mem- As shown in FIG. 18A, a first ^^e^"^, Ify^^r^^.^^J^^ 

hrane 85 (as shown in FIG. 21). If membrane 85 Is absent, deposited onto siUoon nitride layer 27. Altfiough elcctode 

ihea the actuatei raay be dljoosed diiealy eate the wbseate layer 29 may eeniUt ef twe iBWdi^ted eleettedes, as *8WD 

105 It is preferred Aat piezoelectric acmator 120 overlay in HG. 9A. for use in a surgical tool it is prcfmcd Aat 

only body portion 110 so that horn portion 115 may be a . electrode layer 29 be a single continuous layer. In addihon. 

variety of different shapes. Piezoelectric actuator 120 may rather than being disposed entirely on blade potion U7, 

include a first electrode layer, a layer of piez«dectiic electrode layer 29 is disposed partially over body po^^" 
material, and a second electrode layer. 50 UO, andpartly over blade portion 117 as *own in FIG 18A, 

AS shown in HGS. ISA and 153. a raicrocutter 130 for or. preferably, only over body portion 110, as shown m HG. 

microsui^ical applications may be assembled from two 14A. 

bonded microstructures lOOo and lOOfi. Microstrucnires Piezoelectric actuator 120 may be formed by diin film 
100a and lOOfc may be identical to miaostiucture 100. After deposition as shown in FIGS. 18A-18a FoUowmg the 
microstructures 110a and nOb are cleaned, microcstractures $5 deposition of electrode layer 29, a passivation layer 190 is 
100a and lOOfr are aligned, and the bottom surfaces of the framed from a low temperature oxide (ITO) such as siUcon 
body portions of the two substrates are fusion bonded by oxide (SiOj) q>proximately 0.2 (im thick (FIG. 19B). "Hien 
heatine microsttuetures lOOa and lOOfc to ahigh temperature piezoelectric film 30 is deposited (FIG. 19Q. foUowed by 
at a high voltage. Alternatively, the miCTOStractures may be second electrode layer 31 (HG. 19D). Finally, another 
bonded by melting a layer of aluminum between the « passivation Uyer 191 is deposited (HG. 19E). Tlie pattern- 
substrates or tiie miaostructures could be bonded with a iog steps have been omitted from HGS. 18A-18E, and may 
Blue Channels 125a and 12Sb are aUgned so tiiat when be performed in any manner known in the ait. Passivation 
microstrucnires lOOc and lOOi. are bonded, channels 12Sfl layers 190 and 191 raay be required to pro>dde insulation 
and 125* form a single conduit 134. Conduit 134 runs fipom and prevent shons between die electixides 29 and 31, if 
die front to tiie back of microcutter 130. 65 electrodes 29 and 31 contain impurities. Passivirtion layers 
As shown in HOS. 16 and 17, in a surgical tool 140 190 and 191 may conform to dedrodes 29 and 31, or diey 
consmicted according to the present invention, miaocutter may extend onto membrane 85. 
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There are three primary processes which may be used to Dilnde is removed in a line 210 located on the bottom 

shape horn US of substrate 105. These processes are: cutting surface 213 of the thick paitioa of the wafer 20. When the 

with a saw» anisotropic backside etching, and liquid etching. silicon UDdemeath area 210 is etched, channel 125 will be 

These processes may be combined in order to fonn a horn formed. Silicon nitride may also be removed along lines 215 
of the desired shape. 5 and 216 located on the bottom surface of (he thin portion of 

Turning now to HGS. 19 and 20, a process for fonning wafer 20. When the silicon ondeineath areas 215 and 216 

the microstructure 100 with a horn 115 with constant width is etched, airow-shaped window portion 218 in region 24, as 

shown in HGS. 14A-14C. wiU be described. Silicon wafer shown in HO. 21, will be formed. When microstructure 100 

20 is patterned and etched as previously described witfi ^ detached from wafer 20, horn portion 115 will have a 

reference to HGS. 2A-2F by etching a region 24 and then triangular front edge 118. 

etching a window 18 inside region 24. In the process Blade portions 117 having a variety of different shapes, as 

illustrated in FIG. 19, piezoelectric actuator 121 is disposed shown in FIGS. 23A-23D, may be fomned by using this 

by thin iilm deposirion accos-ding to the steps taught with process. The various shapes of blade portion 117 of horn 115 

respect to FIGS. 18A-18E. Silicon wafer 20 may contain will influence the transfer of mechanical energy from body 

multiple areas, with each area containing an etched region portion 110 to front edge 118. Although the mechanical- 

24, a window 18, and a piezoelectric actuator 120. accoastic properties of a horn structure may be calculated by 

As shown in HG. 19 following the deposition of piezo- utilizing equations wcU known in the art, such calculations 

electric actuator 120, the piezoelectric actuator 120 is pat- arc mostly useful for hoins with simple, idealized shapes, 

tcracd to open up contacts IdO and 161. The present invention aUows for easy coostruction of honui 

Then siUcon substrate 105 is separated from sOicon wafer ^ with complicated shapes which may have improved 

20. SpedncaUy, wafer 20 is cut with a saw along cut Unes nacchamcal properties. 

200, 202, and 203. The saw may be a high speed saw with In the process for forming microstructure 100 as 

a diamond coated edge and a blade thickness of about 50 to described with reference to HGS. 19-22, both anisotrophic 

100 pm, such as a Disco™ saw. Tlic cut lines raay be etching and cutting with a saw were used to define the shape 

selected so that the flcxural and longitudinal resonances of of bora portion 115 and to sever substrate 105 from the 

the substrate 105 are equal. Cut Unes 202 and 203 may be wafer 20. However, either anisotrophic etching alone, or 

very close to piezoelectric actuator UO so that the substrate cutdng with a saw alone, may shape horn portion U5 and 

m Ifl flot fligaificaatty wider than (he pteoclccrtc actuaier wvw substrate 105 from wafer 20. FIG 24 shows the use of 
and the entire width of substrate 105 acts to store mechanical ^ backside anlflotroplc etching to sever flubatrate 105 frotft 

energy. For example, substrate 105 may be up to 10 percent wafer 20. During the first etch of wafer 20 (FIGS. 2A-2C), 

wider than piezoelectric actuator UO. Cut lines 202 and 203 a region 224 which entirely surrounds what will became 

shouldpassthrough window area 18. The location of cut line substrate 105 is etched. During the second etth (FIOS. 

200 should be selected so that the piezoelectric actuator 120 2I>-2F), all of the siUcon wafer may be removed in window 

lies in the middle of the body portion UO. 228 which entirely surrounds substrate 105, Substrate 105 

As shown in FIG. 20, once wafer 20 is cut using the «malns attached to wafer 20 on all sides by membrane 85. 

silicon saw, substrate 105 remains attached to wafer 20 by Instead of using anisotropic etching, one may sever sub- 

the smaU portion of raemteane 85 overlying window area stratc 105 from water 20 simply by cutting with a saw. In 

18. Mlcrostnjcturt 100 may then be entirely detached from HG. 25, cut lines 200, 202» 203 and 230 sunound piezo- 
substrate 20 by severing the portion of membrane 85 which ^ electric actuator 120 and define substrate 105. Substrate 105 

lies above window area 18. Preferably, membrane 85 may be may be given a sharp forward edge by angling the saw in cut 

snapped simply by implying physical pressure to substrate 330 away from the horizontal 

105. Alternately, membrane 85 may be cut with a silicon saw A saw may be used to control the thickness of a horn. In 

or membrane 85 may be removed by a plasma etch. The such a process it is preferred to use a saw on substrate 60 
anisotropic etch of window 18 provides a sharp forward ^5 which does not have piezoelectric actuator 120 attached. In 

edge U8 when membrane 85 is severed. FIGS. 26 and 27, a saw 240 with an axis of rotation parallel 

Piezoelectric actuator 120 may be formed separately and to the length of substrate 60 makes a scries of cross-wise 

then bonded to substrate 105. In this case, wafer 20 would cuts into substrate 60. Whac saw 240 makes contact with 

still t>e patterned by etching a region 24 and then etching a substrate 60, a portion of substrate 60 will be worn away. By 
rectangular window area 18 inside region 24. Rather than 50 coacroUing the depth to which saw 240 penetrates substrate 

receiviBi to film layers, wafer 20 wo«W tbeo be c«t 60, one may co&tcpl the thickness of a particular length W 

immediately with a silicon saw. The location of cut lines of h<M:o portioa 64. Length W Is equal to the wldA of saw 

200. 202, and 203 would be selected to accommodate the 240, tg., about 50 to 100 \im. By repeatedly cutting with 

expected position where piezoelectric aauator 120 will be saw 240 and then stepping substrate 60 forward by width W, 

aiu^beiii hi im M mi M majf alss be leleeied to n ees My iMe i seiIes Gf EUti wMeti 0i away m\^m£ 

insure that the flexural and longitudinal resonances of $ul>- 60 to form hom 64. If the width W of saw 240 is f mall, ftnd 

strate 105 are equal. the increraeotal change of depth of each step 243 is also 

Anisotropic etching raay be used to form horns of various smaU, a relatively smooth surface may be formed, 

shapes and, in particular, backside anisotropic etching may Furthermore, by taking steps smaUer than width W, one may 
aUow fine control of the width of the blade portion U7 of 60 excrdse even finer control over the smoothness of the 

horn 115. In addition, backside anisotropic etching may be surface of horn 64. 

utilized to fonn channel 125. FIGS. 21 and 22 show the la a typical manufacturing procedure, circular saw 240 

process steps in the creation of a miCTOstructure 100 having would be attached to a robotic arm 245 which moves up and 

a triangular firont edge 118 and channel 125 . In HG. 22, after down. Substrate 60 would be solidly attached to a mount 246 
the second layer of silicon nitride 27 is deposited over the 6S which can move fcErward, back and cross-wise with respect 

entire wafer 20, backside lithography removes the silicon to saw 240. Robotic arm 245 and mount 246 would be 

nitride where silicon wafer 20 is to t>e etched. The silicon controlled by computer 247. The manufacturer would input 
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the desired slope of honi 64 iitfo computer 247 which would 
calculate fee size of each step 243 taken by mount 246 and 
the depth to which saw 240 should cut in each step. 

The incremental saw cut process may be used to aeate a 
variety of different hom shapes. For example, a hom may 
have a catenoidal (HG. 28A), linear (FIG. 28B), or conical 
dope (HG. 28Q. In addition, saw 240 may cut either into 
the top surface of siUcon substrate 60 (FIGS. 28A). the 
lx>ttom surface of siUcon substrate 60 (FIG. 28B) or both 
surfaces (HG. 28C). One may even crcale a hom having a 
cascade shape (HG. 28D). The length of each segment in a 
cascade-shaped horn would be one-quarter of a design 
wavelength. A cascadc-sh^cd hom 64 may aUow for very 
lartie dlstilacement of forward edge 67 with only a smaU 

mM veteiB toe t© the larie ^Uflgrfefi la a €MSi46' 

shaped hom. As shown in FIG. 27 a saw 260 may be used 
to^ntr<d the width of hom 64 by orienting saw 260 to cot 
into front edge 67 of substrate 60. This would allow a 
manufacturer to create horns that vary in bodi thickness and 
width as a function of length. 

A third process which may be used to control the shape of 
horn portion of the substrate is isotropic Uqdd etching^s 
shown in na 29. in a Uquid etching process, the substtate 
60 is lowered into an add bath 270. In this noanufartuiing 
procedure, siUcon substrate 60 would be held by a grip 
Tttadied to a robotic arm 273 controlled by counter 275 
The manufacturer may input a (\inctlon into con^*^.^* 
wUch Will ceneel the dqjth of substrate 60 in the add bafe 

270 as a function of time. In general, substrate 60 would be 
plunged into acid bath 270 and then slowly with&^n. 
Because the acid dissolves the e:q)osed portion of substoate 
60 at a constant rate, the portion of substate 60 which 
remains in acid bath 270 the longest will be the dunnest As 
shown in HG. 30, the resulting horn 64 would be cve^ 
etched on aU sides and tapered to a front edge 67. ay 
controlling the speed widi which substrate 60 is withdrawn 
from acid bath 270 by robotic arm 273, one may impart a 
catenoidal Unear, conical, or other curve to hom 64. 

The present invention has been described in terms of a ^ 
number of embodiments. THe ^^^^^^^^^^'ZT'f'ul^^^ 

MM t8 tlis iffitetoBis aspteted mi m^Mi mm 

the scope of the invention is defined by the appended claims. 



What is daimed is: 
1. A fiur^cai tool, cornicing: 

(a) a casing; 

(b) a cutter formed of a first and a second microstmrture 
bonded together, each of said microstructures having: 

(i) a substrate of a first semiconducting material said 
substrate having a body portion and a horn portion 
projecting forward from said body portion, 

(ii) said hom portion having a blade portion which is 
free to vibrate, said bUde portion having a forward 
edge which is significantty tiiinner than said body 
p<wtion, and said body portion having a top surface 
and a bottom surface* 

energy to said blade portion, said piezoelectric actaa- 
tor mechanically coupled to the tcxp surface of said 
body portion, and piezoelectric acmaior including a 
first electrode layer, a second electrode layer, and a 
piezoelectric layer between said first and second 
electrode layers, and 
(iv) the bottom surfaces of die body portions of said 
first and second microstructures bonded together to 
form said cutter 

(c) means for mounting said cutter in said casing; 

(d) means for supplying power to said first and second 
electrode layers; and 

(e) means for controlling said power supply means. 

2. The tool of claim 1 wherein the respective bottom 
surfaces of the body portions of the first and second tmm- 
stmctures have a channel running lengthwise from ttie front 
to the back of said body partionc, said first and second 
mloostractures bonded so the channels are aligned to fram 

35 a conduit for disposing of debris, said conduit runnmg 
lengthwise from the front to the back of said cutter. 

3. The tool of claim 2 further including 
a pump providing suction; and 

a tube inside said casing connecting the back end of s^d 
conduit to said pump to suck debris into said conduit 
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